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Cro s5 ZLndVicario ns Calibr a瓜oTIEEPe rh e ntsfo rTe r raA S T E Ralld LふTLdsat-7 E T M＋
h the The r mal IIlfr a r ed Regio nUsingPotGr ot md lもrgets
TI Mats u n ag , T･ No n aka, Y, Sa w abe(TokyoInstitute of Techn oloBy),
M ･ Mo riya m a(Nagas aki Univ.), I. To n o oka(rbar aki Univ.), a nd 且 Fukasa w a(E R S D A C)
A bstra ct･ For rad io m et ric calibratio nOf TerraA S T E R TTR a nd LaDdsat-7 E T M＋ (herm al infrared band. vic ario us c 81ibrat10 n(V C)
aTId cres s C alJbratlO n(CC) expen n e nts w ere c aT rled otltin Lake
r
Zb ho e(Nev a血);i.1Saltor･Se a(Califomia), a nd Railr o ad Valley
(Ne y 8da)in2000･ Fo rSalto nSe a aJldRailr oad Vh)ユey,gz m ndte mperature m e astN e m eZltS W ereCO nductedinJa(geplayas加ringthe
o v erpasses of these satellites･ Fo rLake T doe. airbom eMAS TER dat a w u e a cqLlired. A t皿 OSPhezicpro丘1e 血 a w ere obtn ned with
radis ozlde durlnB eXpe n rn e71tSI These c alibratio n reStllts sho w thatthe radia ntte mperature ofA S T E R T J R, based ozlthe oTl-bo ard
blackbody,islo w er thantho se of V C /C Cathigh terDPeratuTe. Wh ilethediqer en ceb tw ee nAS T ER/E T M＋ aJld C C is0,5- 1.4℃/
3･9- 4･2℃ in Lake T h ho e,the differe n ceb tw ee nA S T E Ra nd VCis 0,5 - 1.2℃ (ex c eptbaれd 12)in Salto nSea, and 0,3- 1,O ℃ in
Raib ad V d ley･ Cr ossc 曲 fatl On aCCtlra CyOf ASTT:RTZRand E T M＋ in Lake
rrhho eis0.5 -0.7 ℃-a nd0.9℃ , re spectiv ely.
1. Introdu ctioJ1
1･1 Ba ckgro tlnd a nd Pu rpose
As the c o ncezTlfor the cha nge s of the earthen viro n m ents has been gr o w n r ecen tly, the role of the
rem ot e se nsiTlgis changing fro m m applngtO m Onitoring･ To e x tr actqtlantitativeiTlfor m ation fro m re m ot色
se nslng data, 血 o r e a CCt mte Calibratio nhasbe e n asked for･ T ho ugh theimportan ce of calibr atio n ofthe
s atellite s ens orhasbe enin creasing, the stlldy forthe radiom etric calibration ofs atelite therm alinfrared
sensoris r ar e( xc ept TM ba.Ld6
1)
･ a nd S s rstudies
'
u si1.g A V n R-types ens o rs
2))･ T he c alibratio n athigh
te mpera tu r e(about20℃ higherthaJlairte mperattJre)is especially n eededto estim ate the daytim eland
st)rfac e temperature a nd s urfac eheatbalan ce ac c ur ately. Ho w ever, the 皿alin h ed s ez7S O rS S u ch as
ASTE R TIR, which carries o nly one blackbody, c annot alw ays check its r adlO m etric tharacteris(ics at
highte mperature
3P)
. so forthese se ns ors,iti v eryI mportant tO eX a miTleits r adio m etric_charactehstics at
hightem peratureby vicario us c alibratio n(V C)a nd cro ss cal ibration(C C)I T he observ atio n targetsforthe
c alibratio nin pre vio us sttldies, ho w e v e r･ a r e ofte n w ater
3)5) bec aus e water has spatially ho m ogeTleOu S
ternperatur e and emissivity･ In this sttldy, w e dis c ussthe m ethodologiesfor ac cll rate r adio m etric
calibratio n of the s atellite ther mal irlfrar ed se ns ors uslnghot gro uTldtargets･ Applying the tTlethodsto the
e xperim e ntaldata, w e且1sodisctlS Sthe r adio m etrl C Calibratio n acc ura cy of TerraAST E R TIRand LaTlds at-
7 E T M＋ ba nd6(therm al infrared band).ICalibratioTlr e sults ofET M＋ ar e reportedo nlyin LakeTaho e.
11 Stt)dyAre a s
CC experiz ne n t w as c o ndu cted ar ollnd Lake Thho e(I.9km abov ese alev el), NV in March 200 0. V C
experim e nts w ere arotlnd SaltonSea(-0･1km), CA , and Railroad Ⅶ1ey(1.4kn), NV in Jtlne2000(Fig.
1). Table1
Table 1I GTO t nd-lev elm eteo rologlC alc o ndito n s.
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00 ユ1 2 ll:09 4℃ 7 5%
oo.6.4J11 0:34 3 2℃ 52 %
0 0.6.ll ll:30 2 8℃ 9 %
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2. In str tLm entSfor RadioJnetric C al ibr atio n of SatelliteSe n so rs
2.1 M A S T E R
M A ST E R6)(M O DIS/A T E R airborne sirTltator) w asde veloped by NA S AJPL (JetProptlsion
LaboraLtOry). Itin chldes te nba ndsfro m7pm to 14pm , a nd band 4 2, 43. 4 4, 47, a nd 48c o 汀eSPO nds to
A ST E R TIR ba7Id 10, 1l,1 2,13, ad 1 4, re spectiv ely. 1thastw ointernalblackbodies, and its radio m et ric
c alibratio nis do nefor eachscan, Table2 sho w sthe specificatio ns of M AS T ER. T he spectral c o vQrage Of
Lands at-7 E T M＋ band6cozTeSPO71d M A ST E Rba nd47, 48, aTld49･
Table2. Spe cific atio TIS Of M A S T E R･
Wa v ele ngth Raf)ge
N um be r of C ha n t)els
Nu mber of Pix els
In st山一ta n e O u SFieldof Vie w
0.4 - 1 3Ilm
5 0
7 16
2.5 m rad
q . _ _ _ _ _ a
2.2‾ Mtl 由pectralThe r malInfra redR adio m ete rtJsed fo rGr o t) nd O bs erv ation
A m ultispec tral ther m aliTl&ared r adio m eter, m antLfactu r ed by C I M E L E lectro niqu e, has six bands(on e
bro adba nd a ndfiv e nar row b皿 ds)in the TIR.
regio n･ Fiv e n aIT O Wbands co zTeSPOndto five A S T B R TIR
bazLds. Table 3sho w sits specificatio ns.
Tb ble3･ Spe cific ado 7)S Of 血e m ultispc ctr alradlO m et r,
_i O- s o℃
1 0
o
O,05- 0.1K
T he m opi】e
A
calibratio n m ethod in which satellite/ airborn e
Se n s ed Te mpe ratu reRa nge
Fieldof Vie w
Te mperatu r8Re sohtio n
Dete cto r
_ _ 也
3. M ethods
ln this sectio n, C C/V Cm ethods are descri bed. C C is
s en sor obs er ve sthe 姐 me talPtS Et the s a m etim e asthe
●
s atellite s ens ordo 田･ V C in this studyis that
grotlndinstrum e nts obser vethegro u ndtargets whenthe s atellitepas申 ･ T houghC C is easy to grasp the
temperatur e varitio n ofobs er va也o ntargets, there are tw o problems･ On eis the calibr atio n acc ura cy of
the satellitd airborn e sens ori n ot s ogo od, a nd the otheris the differ enc e of the spectral c over age
betw een s e n s o rs. So MAS TER is us ed becallSe it's c alibr ation ac c uracy is welles tablished thr o ugh
e xperim ents at Lake Tho e(S. ヨook, private c o m m tmications)･ In c a s e ofV C, the acct m cy ofgrotlnd
iTISl m m e ntsis go od, btltitis diFIC ult to grasp the spatialte mper ature v aritio nwi thirlgrO uTldtargets. So
C C a nd
■v c is tlSed c o mple m entarily. T he goal of ollrStudy is, tlSing C Cand VC, to achie v el℃
radio metn c a c c tLr a Cy, Which is c alibratio nrequ Ⅱ
.
e m e ntofAST E R T IR.
3.1 CrossCalibratio n
Table 4 stlTnTn8rizesthe observ ation ar otlnd Lake Tdl Oeby A S T ER, E TM ＋, a nd M A S T E R･ Lin el
data w ereused forC CwidlETM ＋, a nd Line 3 datawith A STE R. Satellite and airbor neradia nc edata
w ere e xtracted fro mfive or six gro und ta喝 etS (snow, grass, a nd desert) and three w ater bodies with
spati al1y tmifor m radianc e･ Figtlr e2 is AS TER im age, showiTlg M AST ER
'
sflighttitle a nd data poiTltS.
A tm ospheric me ast m m e nts w ere c oTldu cted wi thr adios oTlde･ Figure 3 sho w sthetr ansmittan ces and path
radia n cefro m grotlnd to s atellite al titude(705krn)c alculated by MO DTR AN 4 with radioso nde data.
Tra ns mitta nc edrops aro u nd 9･6pm be ca useo z oTle abs orbs the electro m agn etic wav e a r o tl nd this
w avelength･ MAST E R data w as recaliもrated at lake surface te mper 血 re and 30℃ (low erinternal
blackbody te mperature). T O A(top of the atm osphere) radiarLC e W as Calctllated fro m re cal ibra ted
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M ASTER data at each flightline (htR)･ IAIRis the a verage radian c e ofsev eralpix els, c o rr espo nd to the
siz eofoneplXelof AST E RorE TM＋.
Table4. Re m oteset)si ngObs e rv atio n sarou nd Lake Tiho e.
SeJI SCIr(L he) Altitude Tizn e Pixel Size Data
A S TER TJR
LaTldsat-7 E T M＋ Bar)d6
M A STE R(1)
M A S T E R(3)
7 05km 1 I:12
7 05 km 1 0:32
4.Okm 10:30- 10:34
8.6km 11:10-1l:15
90m Le y el l B Ver0.4
6 0m Le v el l R
5-Ion
1 7- 31m
Fig. 2. Spatl ale xte ntof M A S T E R im agelin e a nd data
po】ntsin A S T E R im age .
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3.2 Vicario u sCalibr ation
T he gro u nd m eastlr e m e n tS W e r e c o ndu ted by tw obr oadband radiom e te rsand oTle m ultispcctral
ther m al in b red radio m eter in Salton Sea a nd Railr oad Valley･ Thes e ar e a s ar el rge playas having
ho m oge ne o us te mp rattl reand emissivity. Usingthe 7Tlu tispectraltherm al inな打ed radiom eter wi ths a m e
spectral baTlds as A S T E R T IR, r adian c e-based c alibration w as done. Figtlr e4 sho w sthe sche m atic vie w
ofsurface te皿per a ttlr e m e a Stlr e m e nt, a nd Figure5is experi m e ntsin Salto nSea. Playa stlrfaceb rightness
te mperattlre W as m ¢aStlr ed ev erylOm along the 90m squ ar e(90m is pix elsiz e ofASTER TIR)sho w TliLI
Figllre4 tlSingbro adbandradio m eters c arried by an obs er ver who wal karo undsqtlare. T hese radioln6terS
w erecalibrated wi thportableblackbodies e v ery2 0min utes. T he multispectralradio m eter w asfixed at the
height of 310m (F OV: 50c m). T he bdghtnesstemperatur e m e a s u r e m e nts with it w ere a uto】Tlatical1ydo ne
ev ery 150 s ec onds. Ar ealTnea n Surface te mpera ttlreS W e r e e stim ated by adding te mperattl re differenc e
betwee ntw obro adband radio m eters a nd the bro ad b丘nd data ofthe m ultisrpectralr adiomete rto the
temperatur e of the m tlltispectr al r adio m eter at each band. A tm o spheric m e astlr e m eT[tS W er e C O tlducted
withr adioso nde, and T OA radianc efro m VC and stlrfac e r adint te mperaturefro m A STER w ere
c alc11ated.
Bro ad bandradio rn ete r
M ul dspe ctralr adior n et r
3.OmIr
Fig.4.Sche m atic view ofstirfac ete mperatu r eJn e aStlrem eT)t･
4, Re s l)1ts
4,1 Cross Calibratio n
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9 0m
Fig･ 5･ Experim e ntin Sa】to nSea.
FigtLre6/ 7sho w the r ehtio nships betw een ToÅ radia nt te mperature ofASTE R/ E T M＋Ⅳ)andthat of
M A STE R data(Ⅹ). Errorbars irLdic ate the staTldard deviatio n of M A S T ER data at the selected pix e一s .
Thre epoints
■
ar ou nd 6℃ are w ater, a nd the r est are gro Ⅷd t叩 etS･ Tables/ 6sho w theinterc epts(a),
slopes(帆 a nd cozTelado n c oeffic ents ofthelin ear regr ssio nbetw ee nA STヱR/ ETM＋ and MA ST E R.
Table 5/ 6also sho w the radiant te mpera tlr e Of A S T E R/E T M＋ whenthatof M A S T E R is 5℃ and 15℃ ,
andcr oss c alibratio n accuracy(α)of A S T ER柑 T M＋,defined byequ atio n(1).
Y = a ＋b X 〟-α (1)
The radian t temperature of A ST ER/ ET M＋ is almost line art othat of M A S T E R. AT)dthelo werthe radia nt
te mper atureis, the s m aler thediifereJICebetw eenA S T E Rand M AS T E R is(T he differe nc eis 0.I - 0 3℃
at5℃, a nd O･5- I.4℃ at15℃). The r adia nt te mperatu r e ofE T M＋ is 3- 4℃ higherthanM AS TE R. This
te nden cy agre eswi th the previotlS report (U R L二 htq):/na nds at7. u sgs.go v/n e w s/cali.html). Cros
calibration ac ct m cy ofAST ER arld ヱT M＋(α)isO･5 - 0･7℃, andO19℃ , r e spe ctiv ely. .
く)
¢
=I
局
d)
EL
≡
¢
ト･
盲
!8
a
【こ
⊂〔
”
ト･
の
<
2 0.0
1 5.0
1 0.0
5.0
D.0
5.0 L
15,0
_ イ ト _ M A Slt R 8aJld42
- I - M A S T古R 8ELrld 48
_ 書 .･･M A STJ: R Bar7d 44
=
y
' ' M AST ERB8 nd 47
- ･※ ･ - M A ST E R ba nd48
) 0
.
0 S.O 1 0.0 1 5.O 21
MA S T E R Radia nt Tempe r atu re(C)
蛋
4)
=I
I)
○
lユ.
≡
①
ト
⊂:
.g
■
l⊃
q
⊂亡
＋
≡
ト
U+
5.0 1 0. 1 5.0 2 0.
M A S T E R Radia ntTempe ratu re
Fig･ 6･ T O Ar adiant te nper attlre Of A S T E Ra nd M AST E R･ Fig･ 71 T O AradjaJlt te mpe r atu re Of E TM ＋ a nd M A S T E R.
Table51 Lin e a r regression c o efrlCientsbetw e e nA S T E Ra nd M A S T E R,ASTE Rradiant teTrlPe r atu re atM ASTE R 5℃,
a･1d 1 5℃, and c ro s s c alibration a c ctlra Cy OfAS T E R.
A S T E R M A S TER hte rc ep(
Band Band (℃)
10 4 2 0.42
11 43 O.26
12 4 4 0.12
13 4 7 0.1 4
14 48 0,34
Slope Co rrelatio n
Co e践 cie nt
A S T E Rradiantte mper attlre C C
ムt M A ST 駅 5℃(15℃) Accura cy
5.1℃ (1 4.5℃) 0.7℃
4.7(1 3.6) 0.5
4.7(1 3.a) 0.6
4
.9(1 4.5) 0.6 -
5.0(1 4.4) 0.7
0.99 5
0.99 7
0.99 7
0.99 7
0.99 6
94
89
91
96
94
Table6･ Lin e ar regr ssion c o e氏cie ntsbetw e nE T M＋ azld M A S T E R, T M＋ radiant ternper attlre atM A S T E R 5℃ ,
and15℃, aT,d c ro ss c alibratiozl a C Ctm Cy Of E T M＋ .
E T M＋ M A ST E R Intercept Slope Co rrelatio n
空史 _+_聖吐 _ 皿 _ _ + 空聖喪主Co eLfic e nt
4 7 2.4 3 1. 0 0.99 0
6 4 8 2.51 1.10 O.99 1
49 2,7 0 l.10 0.99 1
E T M＋ r adia nt te mpe rattlr e at C C
M A S T B R 5℃(15℃) Acc u r a cy
7.9℃ (18,9℃) 0.9℃
臥0(19.0) 0.9
8.2(19.2) 0.9
4.2 ⅥcariotlSCalibmtioJ)
Table7sho w sT O Aradian ceand surface radint te mperattlrederiv ed hm A S TE Rand V C in S alto nSea
and Raih'ad Ⅶ1ey･ Figtm 8sho w s也e differen ce ofsurfac e radiant tem peraturebetw eenAS T 皿and V C(A
T)A Exc eptband12 in SaltonSea, △T is -l･2 - -O15℃ in Salto nSea
, a rid -1･0 - -03℃ in Railr oad Ⅶ1ey･ A
T atband12in S alto nSe aislarger(-l･8℃)dlan Otherbands･ One ofthe reas o nsis thatdie Oz oneprO丘1e used
in M OD TRAN4 calcdado n w asthat of U Sstandard m odel and did n ot reflectlocal v a riationsof oz one
a m o uTIL△Tisdifferent am ongbaJlds･ T his spardy causedby thedifferenc eofa血 ospheric corr ectio n ezT Or
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a m o ngbaTlds･ Both in Salto nSea and Railro ad Ⅶley, 也e are alz71 e a71 S llrface lB mperattm 丘oTn V C is higher
血anAST E R. n is tendencyis notseen a the V Cusing w aterbodies
7)
. we wilclari5,the reas on whyASTB R
TR showsthelo w ertemperaturetha nv cathightem perattm tazgets.
Thb]e7. Differe n c e of T O Ard 血c e andsu rfa ce r adi征It te mpe nttlr ebetw eer)A S T E Ra nd V C
iTISalto nSea a nd Railro ad V dey.
SaltonSe a R ai1mad Ⅶ 1ey
Ba nd B 10 B ll B 12 B 1 3 B 14 B 10 B ll B 12 B 13 B1 4
T O 人 Li b 12.47 1 3.01 13.06 1 3.36 12.63 ll.2 0 1l.8 4 11.9 7 1 2.2 0 1l.66
Radian c e VC 12.6 7 1 3.11 1 3.39 13.47 12.82 11二4 311.8 9 12.1 2 12.31 11.83
r W /m2JLd strl ∧ % -1_6 J).8 _2.5 イ).A _1.5 _2_1 IO_5 -1.3 j).9 .1.4
SllZfac e LI B 50.3 50.l ヰs.6 51,7 51.5 45.0 4 4,9 4 3. 45.1 .45.6
R T VC 51.2 50.6 5 0,4 52. 52,7 46.0 4 5.2 4 4.1 45.4 46.
(℃) A A.9 -0.5 -1.8 10.5 -1.2 -1,0 -03 10.8 -0.3 -1.0
0.5
O
誓書三‡≡
a).●_
軒5
＋ S&RonSe a
r 丘 ･-･Ih llro白dValley
8.5 9.0 9.5 1 0.O 1 0.5 l l.0 l l.5
W aveEe ngth(micron)
Flg. 8.Su rfac e r adiar)I te mper atur edifre - cebetw ee nA S T E R弧 d V C inSalto nSe a a nd R ail和 ad Ⅶ 1q .
S. Sll mm ary
V icariotlS Calibra6on and cro ss c alibratioTle XPeriJn e ntS tlSing gro u nd taE%etSforTe q a､A ST E R VTRand
Landsat-7 ETM ＋ the Ⅲ lal in&ared ba nd w ere car ried o11t･ Expe 血 ent re stlts sugge st dlat AS T ER
u nderestim ate the surface r adiallt te mperature0.5 - I.4℃ (ar ound 15℃)in Lake Tho¢, 0.5 - 1二2℃ (so℃)
exc eptband 12in Salto nSea, a nd 0 3-1.0℃ (4 5℃)in Railroad Ⅶ1ley･ Cro s s calibra_
do n ac curacy llSing an
ヰbo m e sens ori abo tlO.5+ ).7℃ forASTER,a nd 0.9℃ forE T M＋ .
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